According to the classification of placental types among animals, the transfer of iron through the placenta can occur via: absorption connected to transferin through the outer surface of the trophoblast in direct contact with circulating maternal blood; absorption of the erythrocytes by the chorionic epithelium in direct contact with accumulation of blood extravased from haemotophagous areas; absorption by the chorionic epithelium in direct contact with iron enriched secretions from the endometrial glands and absorption by extravasations of the blood in the maternal-fetal surface and the subsequent phagocytosis of the erythrocytes by trophoblast cells described in bovine, small ruminants, canine and feline. The function of erythrophagocytosis observed after the extravasation of blood in the maternal-fetal interface is undefined in several species. Possibly, the iron is transferred to the fetus through the trophoblastic erythrophagocytosis in the hemophogous area of the placenta and also in the endometrial glands. In this literature survey, new methods of studies regarding placental transfer involving iron and other nutrients necessary for survival and maintenance of embryonic fetus to birth are proposed.
INTRODUCTION
The placenta is a very important organ in the reproduction. It is located in the uterus during pregnancy and is peculiar in mammalian eutherian. This organ plays a key role for the establishment of a special connection between the female and the fetus, and, is characterized for exhibit complex functions (Martal and Cédard 1993) .
According to Hafez and Hafez (2004) the placenta is the overlap or fusion of the fetal membranes to the endometrium thus, allowing the occurrence of maternal-fetal physiological changes. This organ differs from other organs and is firmly connected to the embryo and fetus by the umbilical cord. In the fetus, it concentrates many physiological activities which occur individually in the adult animal.
The most common functions of the placenta include: nutrition, protection, respiration and endocrine activity. Due to its high structural diversity among species, many aspects are considered for classification of this organ (Björkman 1982) .
For the past decades many researchers have been concerned about the placental transport. Leiser et al. (1997) reported that the endocytosis of the fluid Anais da Academia Brasileira de Ciências (2012) 84(4): 1115-1120 (Annals of the Brazilian Academy of Sciences) Printed version ISSN 0001-3765 / Online version ISSN 1678-2690 www.scielo.br/aabc substance (pinocytosis) was structurally evident in the units of apical and basal membranes of all endothelial and epithelial placental barriers.
Iron plays an important role in the body, such as transport oxygen in the blood and muscles, and also the transfer of electrons in the metabolism of energy (Linder et al. 2003) .
According to the classification of placenta types among animals Kaufman 1994, Perry 1981) and, taking in account the passageway of substances through the inter-hematogenous barrier, the iron transfer can occur via three mechanisms: (i) absorption of iron bonded to transferrin through the outer surface of the trophoblast in direct contact with circulating maternal blood (haemochorial placenta); (ii) absorption of the erythrocytes by the chorionic epithelium in direct contact with accumulation of blood extravased from haemotophagous areas (endotheliochorial and sinepitheliumchorial placentae) and (iii) iron absorption by the chorionic epithelium in direct contact with iron enriched secretions from the endometrial glands (diffuse placentae).
Another mechanism of iron absorption occurs by extravasations of the blood in the maternalfetal interface and the subsequent phagocytosis of the erythrocytes by trophoblast cells described in bovine, small ruminants (goat and sheep), canine and feline as placental hematoma or hemophageal areas (Myagkaya et al. 1984 , King 1993 , Dantzer 1999 .
Many studies have been performed in order to clarify these mechanisms of iron transfer to the fetus. The deficiency of Iron during pregnancy in human and animal's results in long-term deficiency in the new-born, such as high blood pressure, lower brain function and impaired development of the immune system (McArdle et al. 2003, Godfrey and Barker 2000) .
The Iron deficiency during pregnancy is a common disorder. The new-born from mothers with iron deficiency are smaller and may present neurological disturbance (Beard et al. 2007, Godfrey and Barker 1995) .
The purpose of this review recalls to the description of the mechanisms of Iron transport across the placenta in different species.
IRON
The Iron (together with its carriers and receptors) is an essential nutrient required for a large number of biological processes. Iron is also a toxic component, however there are some mechanisms involved in the maintenance of Iron limits (McArdle et al. 2003) .
During pregnancy physiological changes occur and a significant increase of iron requirements in the body. Iron homeostasis takes place at intestinal levels (Linder et al. 2003) .
The iron components present in the body can be grouped in two categories: (i) those who have metabolic or enzymatic functions (hemoglobin, myoglobin and enzymes), and, (ii) those associated with iron store. About 76% of total body iron is present in the hemoglobin, which is composed by four subunits each of it with an associated heme group (Umbelino and Rossi 2006) .
For the usage of iron by the body it needs to be captured, internalized and delivered to cells in soluble form. Three protein have the function of capturing, transporting and storing iron thus ensuring its bioavailability. They are transferrin, transferring receptor and ferritin depends (Cançado and Chiattone 2009) .
Many factors support the definitive erythropoiesisis induced by junction of pluripotent stem cell with a specialized macrophage in the bone marrow of an adult animal. The stem cell is transformed in the reticular cell that will form the center of an erythroblast islet (Bogair 1991).
According to Gomori (1936) , the iron present in the tissues can transpire in two ways: (i) one group of compounds named hemosiderin, where the iron reacts similarly to the compound of insoluble and inorganic iron; (ii) other group of iron compound that can only be demonstrated by chemical destruction such as incineration. IRON TRANSPORT IN PLACENTA The iron is absorbed by the intestine and attached to one molecule of protein to be distributed to specific places in the body where it will be utilized or stored.
The major point of iron utilization is the bone marrow, where it is incorporated to the hemoglobin molecule during red blood cells formation. Normally, the iron is stored as hemosiderin, and released in the body by breakdown of red cells and then back again to be stored in normal cases. This system of iron recycling is very efficient and does not allow the occurrence of iron deficiency. The daily iron absorption depends on the daily absorption and also the iron stored in the body (Srai et al. 2002) .
According to the placental types existed in animals Kaufman 1994, Perry 1981) , and also the passageway of substances through the placental barrier, the transfer of iron in chorioallantoic placenta can occur via three distinct mechanisms; in hemochorial placenta it is observed the iron absorption connected to transferin through the outer surface of the trophoblast in direct contact with the circulating maternal blood.
In sheep, cattle, goats, carnivores and quiroptera it was described another mechanism of iron absorption by extravasation of blood in maternalfetal interface followed by subsequent phagocytosis of erythrocytes by trophoblast cells; this mechanism is denominated placental hematoma or hemophagous areas.
Several studies have been performed in order to clarify the mechanism of iron transfer to the fetus, and, the authors have demonstrated that iron deficiency during pregnancy in humans and animals result in long term disorders in the newborn such as, as high blood pressure, lower brain function and impaired development of the immune system (McArdle et al. 2003) .
These studies can also contribute in research related to cancer, because iron is essential for proliferation of cancer cells (Kicic et al. 2001) .
MECHANISMS OF IRON TRANSPORT
Several ways of maternal-fetal iron transfer are reported such as: uterine secretions, direct transfer of iron in the serum through membranes of chorioallantoic placenta and phagocytosis of red blood cells extravased by trophoblast in the interior of hemophagous organs, or hematoma followed by releasing of iron from maternal hemoglobin in fetal circulation.
In species without hemochorial placenta the transfer of iron seems to be by releasing of maternal hemoglobin from red blood cells extravased as found in hematoma and similar phagocytic areas of chorioallantoic membrane (Seal et al. 1972) .
According to Schröder (1995) , the epitheliochorial and endotheliochorial placentas exhibit specialized areas in which maternal red blood cells are able to penetrate into the trophoblast cells. In the trophoblast cells, the maternal cells are broken by phagossomes and the iron is released in the cytoplasm being stored as ferritin or passing directly to the fetal capillaries.
The epithelium of the "arcade zone" includes the region of the outer surface of maternal villi, which is in contact with the base of fetal villi. It is a modified epithelium since it shows evidence of absorptive phagocytic and secretor characteristics with the role of nourishing the fetus. These structures were also observed in experiments with buffaloes (Pereira et al. 2001), cows (Wimsatt 1980) , goats and sheep (Lawn et al. 1969) .
The processes of endocytosis, transcytosis and signal transduction are performed by plasma membrane invaginations called caveolae. The caveolae are found in the apical surface of cells including in the trophoblast (Enders et al. 1983) . They are also involved directly with the internalization of membrane components (proteins of glycosphingolipids and glicoesfingofosfatoidil inositol anchoring), extracellular bindings, bacterial toxins and non-enveloped viruses.
In the bases of chorionic villi of the sheep placenta, the occurrence of large quantities of maternal blood extravased between the corium and apical segments of inter-criptal septa results in hematoma; contrary situation is observed in most ruminants where the maternal erythrocytes are phagocyted by adjacent trophoblast cells, which eventually accumulate in intra-cytoplasmatic deposits of non-ferruginous hematogenous pigments.
It is believed that this hematoma is resultant from the maternal capillaries opening in the surface of intervillous septa of the adjacent trophoblast (Wimsatt 1950) .
According to Lawn et al. (1969) descriptions, in the goat and sheep placenta, the specialized region of the placentome where maternal blood extravasation and phagocytosis occur, have the function of supplying the needs of iron to the fetus.
In the ruminant placenta, the placenta hematoma are formed in the vicinity of the trophoblast cells located in the arcade zone, where the maternal erythrocyte will be encompassed by trophoblast cells and reduced to irregular masses of non-ferruginous pigment inside of its cytoplasm. Both, the binucleated and the columnar trophoblast cells are part of this process, but the binucleated cells are perhaps less efficient in the phagocytosis than the columnar cells, because their cytoplasm is almost invariable and contain less corpuscles or pigmented bodies than the columnar cells (Figure 1) (Wimsatt 1980) . Cazerta et al. (2007) reported that in the cows the epithelium of arcade zone is modified suggesting secretory, absorptive and phagocytic characteristics that facilitate fetal nutrition. Additionally, hemophagea area of the bovine placenta seems to be important sites of iron transfer and could be involved in fetal hematopoiesis.
Pereira et al. (2010) cited in their studies, that the erythrophagocytosis in buffaloes occur at nine to ten months of pregnancy being a notable feature of this region (placentome) of maternalfetal exchange.
Wooding et al. (2000) reported that the iron transport in the equine placenta comprise a restricted region being transferred by uteroferrin molecules found in uterine secretions during pregnancy, in a similar process that occur in the ruminants.
McDowell et al. (1982) described that the iron transport in the equine placenta occurs via two mechanisms: the trophoblast and uterine glands.
In the swine the uteroferrin is synthesized in the endometrium located exclusively in the nonciliated glandular epithelium. The uteroferrin is present in lumen of the glands and in the placenta villi: its absorption occurs in the cells of chorionic epithelium (Figure 2) (Raub et al. 1985) .
Several authors suggested that the hematophogue areas or placenta hematoma have the important function of iron transfer from mother to fetus (Lawn et al. 1969) .
In this literature review survey new methods of placenta transport involving iron and other nutrients required for surviving and embryonic maintenance until the conception. Adequate nutritional manipulation in all species mentioned in this review, might be a determinant factor for the success of iron absorption. Therefore, it can be assumed that iron absorption occur via two mechanisms, by endocytosis through iron receptors located in trophoblast membrane and other process through phagocytosis of substances arising from the maternal side such as blood (erythrocytes) maternal cytoplasm, degenerated uterine tissue and disintegrated blood. 
